Background: The anatomy course offers important opportunities to develop professionalism at an early stage in medical education. It is an academically significant course that also engenders stress in some students.
Background
Although the necessity and utility of anatomy lab dissection experiences have been questioned, with some schools substituting virtual training for actual cadavers, [1] the course has also been defended as the first, and crucial, training ground for aspects of professionalism, such as respect for patients, accountability for one's actions, teamwork, leadership and social responsibility, [2, 3] as well as various humanistic attitudes [4, 5] . In this sense, dissection is proposed as a key experience in a student's journey toward becoming a physician [6] . Anatomy is sometimes considered the student's first clinical experience, with the cadaver viewed as the student's first patient [7, 8] . In addition to shaping attitudes of professionalism, academic performance in anatomy may also be an important predictor of both USMLE (US Medical Licensing Examination)
Step 1 scores and passage of this critical exam [9] . Thus, the anatomy course is significant both in terms of training professional attitudes and developing academic competence.
Despite its great importance in both professionalism and academic domains, anatomy can pose a challenge for medical students. The research is equivocal about the extent to which students are bothered physically or emotionally by dissection. Several older studies report serious psychological distress in anatomy students [10] [11] [12] More recent studies, however, indicate that anatomy is only moderately, or not very, stressful [13] and in fact generates considerable enthusiasm and excitement among the large majority of students [14] . Another study indicated that students generally do not find cadaver dissection aversive, but rather see it as "a positive and challenging life event." [15] To some extent, anatomy appears to be a self-correcting experience from a stress perspective, in that student stress "naturally" appears to attenuate as the course progresses [12, [16] [17] [18] . There is also evidence that learning how to manage emotions that arise during anatomy may improve test performance [19] Anatomy lab can be the beginning of a physician's training in how to isolate and restrict their emotional responses to difficult or disturbing clinical situations, or conversely how to deal appropriately with emotions engendered by such exposure [20, 21] . Unfortunately, an unintended consequence of human dissection is that it may create an inappropriate and callous "property of easiness" in dealing with death and the human body [22] . To combat this tendency, some anatomy programs have used self-reflection, [23] art, [21] journaling, [24] and group discussion [25] to encourage students to explore their emotional responses to dissection. Other curricula combine anatomy with material on death and dying [26] . This work tends to be descriptive in nature, but reports favorable reactions from students in terms of reducing stress and managing emotions.
We believe there is more to be learned about how to promote student professionalism as part of the anatomy experience; how to help students cope with the emotional aspects of dissection; and how to improve student performance in the anatomy course. To further explore these issues, we undertook the exploratory project described below. Our research questions were the following: Can completion of creative projects by students enrolled in an anatomy course: a) influence professionalism attitudes; b) improve students' self-perceived stress; and/or c) improve written and practical exam performance.
Methods

Subjects
Over a three year period, first year students enrolled in the anatomy course at our home institution were given the option of completing two creative projects, one after the first written exam (Time 1) and one prior to the final written and practical exams (Time 2). Students were instructed by email that they could use any artistic medium (literary, artistic, musical, performance art) to reflect on some aspect of their experience in anatomy. Faculty did not provide further direction, guidance, or advice.
Each project was worth 1.5 points toward the final course grade (out of a possible 100 points). These points were only added to the student's total point score if it made a difference in their final grade, i.e., shifting from fail to pass. During the time period studied, a total of 115 students (38.7% of all eligible students), took advantage of the creative project option. A breakdown by year and gender is provided in Table 1 .
All students who had been enrolled in the anatomy course over a three year period (n = 93, Year 1: n = 102, Year 2: n = 102, Year 3) were sent a retrospective email, which explained the study and invited participation in the research. The study information sheet stated that creative projects would be reviewed anonymously (i.e., names and identifying information would be removed), and that all results would be reported as group data, with the exception of specific project excerpts that would only be identified by gender and year. Positive response to the email was Table 2 ). These students represented primarily a sample of convenience, i.e., students who chose to respond to the recruitment email. However, the lead researcher also personally recruited 9 students who had expressed opinions about the creative projects in an effort to ensure a variety of opinions. A subset of these 81 students, consisting of 12 project completers and 12 noncompleters (total N = 24), also agreed to be interviewed about the creative projects and the anatomy course. The sample size of these interviewed students was determined by theoretical saturation of the data, i.e., interviews were discontinued when ongoing analysis of interviews began to show repetition of major constructs and themes.
Measures/data analysis
The research team consisted of a qualitative researcher who directs the School's Program in Medical Humanities; a psychologist who is also an artist; a psychiatrist who is a poet and photographer; a second year medical student with interest in the arts; and a third year pre-medical undergraduate student. These team members analyzed all 34 creative projects. The director of the anatomy course did not participate in project analysis, but reviewed team findings for both project interpretation and student interviews at regular intervals as they emerged. Each team member brought a unique perspective to the project, while sharing an enthusiasm and some background in the arts and humanities. In team meetings, we attempted to make our various worldviews, life experience, and assumptions explicit, and to examine how these might influence our hermeneutics. The varied professional, educational, and life backgrounds of the research team contributed to our ability to transcend a single narrow disciplinary viewpoint.
The anatomy course director had retained all students' creative projects. Those projects which we received permission to include in our research were extracted and anonymized. In interpreting the themes of these projects, the research team built on an earlier analysis [27] by focusing our interest specifically on issues related to professionalism. As in our previous work, we adopted a constant comparative method based on grounded theory [28, 29] . We selected this method because of the lack of existing research addressing our research questions. Qualitative research is appropriate for addressing interpretive questions, and grounded theory provides a well-established inductive theoretical framework for eliciting meaning from written texts.
Team members independently analyzed all projects by first identifying recurring words, phrases, and, and images; next, organizing these into categories; and finally into broad, overarching themes. There were regular points of comparison of among various researchers as the analysis progressed. This process allowed for the resolution of discrepancies between reviewers regarding thematic categorization and identifying each thematic code. Discrepancies were carefully inspected to ensure the authenticity of the analysis, by consulting specific examples, discussing relationships to established themes, and reaching consensus as a group. Eventually, the qualitative researcher summarized all team members' analyses. This summary was subsequently reviewed and modified by all team members in an iterative group process.
An interview schedule [27] assessed students' perceptions of anatomy-related and medical-school related stress and whether completing projects a) taught students something of value about the profession of medicine and/or b) reduced student stress. We included the interview in addition to the creative projects analyses in order to directly access the voice and perspective of students who completed creative projects and/or participated in the anatomy class. Interviews were held in a comfortable room on the medical school campus and conducted by the two student members of the research team, who were trained in interviewing techniques by the qualitative researcher. We believed that students would be more likely to be open and disclosing in the presence of interviewers whom they perceived as peers. Interviews were audio-recorded, transcribed, and anonymized. Although participants did not review study findings, at the conclusion of every interview, interviewers summarized the main points and asked for student confirmation or modification. The lead inter- (3), a moderate amount of stress (2), or little or no stress (1).
Written and practical examination scores were also collected and analyzed for all consenting students. Scores of completers versus non-completers were compared using two-tailed t-tests, setting the alpha criterion for significance at < .05. Gender comparisons were made using Ztests for proportions, an appropriate alternative to chisquare tests. All computations were done using Statistical Package for the Social Sciences (SPSS) version 13.0 for Windows (SPSS Inc., Chicago, Illinois). This quantitative component was designed to address questions raised by the anatomy course director about the relationship between creative projects and student performance.
We attempted to achieve triangulation of data by examining three interrelated sources -creative projects, student interviews, and student test scores -and through utilizing a diverse disciplinary team that brought a variety of perspectives to data interpretation. All study data, including creative projects, interview tapes and transcriptions, and the research team's analytic notes, were retained in secured computer folders and locked files. This research was reviewed and approved by our university's human subjects' Institutional Review Board.
Results
Creative project completers
In the first year, approximately half of the class participated in the creative project option by completing at least one project; in subsequent years, approximately a third of the class participated. Female students tended to be somewhat overrepresented among those who completed creative projects (Table 1 ), but the difference was not statistically significant (Z = 1.58, p = .11). Of students who consented to participate in this research, the largest number came from year 2 ( Table 2) . Female students were significantly overrepresented (Z = 3.14, p = .003). Compared to both the study body as a whole and project completers, female students were also overrepresented in the subset of interviewed students (Z = 2.69, p = .01). The large majority of study participants who chose the creative project option completed written projects (n = 36/46; 78.3%), primarily poems (n = 19/36;57.6%) and essays (n = 13/36;39.4%) Of these, 19 were Time 1 and 17 were Time 2 projects. The art projects tended to explore the human body, relationship with the cadaver, and emotional responses to dissection in ways that mirrored the written projects.
Professionalism
We identified three major themes in our analysis of all projects, each of which was in some way related to professionalism issues. We labeled the first theme Reflections on Doctoring. Overall, two-thirds of students' projects addressed in some form how dissection taught them not only anatomy, but also the importance of teamwork, good role-modeling, and a deepening understanding that medicine is a humane calling rather than a technical career.
"I feel that I have undergone tremendous personal growth, becoming a more sensitive, socially conscious individual. Whereas before I use to jump at the opportunity to view surgeries, procedures, and conditions, in a sense not thinking about the person as a whole, but viewing the human body as a marvelous machine; now I get a bit uneasy, I began to reflect on the individual who is undergoing the procedure, their loved ones and how they all must feel. Now I usually say a little prayer for them, take a deep breath and do my best to serve them in any way possible." (#29, female, year 2)
A little over one-quarter of students specifically explored what it meant to become a doctor, emphasizing that knowledge acquisition was insufficient, and the importance of qualities of respect, humility, caring and appreciation.
The second theme we identified was Relationship with the Cadaver. Almost half the students reflected on some aspect of the student-cadaver relationship. Slightly more than half of the students considered the cadaver as a tool for learning or imagined the former life of the cadaver. A smaller number portrayed the cadaver as their teacher, often from the perspective of the cadaver. Only a handful thought of the cadaver as their first patient.
The final theme we found was the student's Emotional Response to Dissection. The most frequently expressed emotion (by about half the students) was gratitude and thankfulness toward the cadavers for the donation of their bodies. Over a third of the students expressed awe at the wonders of the human body. However, about a third of students also expressed or portrayed concern regarding their actions toward the cadavers, especially a sense of becoming emotionally detached and desensitized. Approximately equal percentages of students at Times 1 and 2 explored what becoming a doctor involved. Students at Time 2 were almost three times as likely to engage in specific personal reflection about how they were changing as a result of their medical training.
Shifts in professionalism: relationship with cadaver
This was a topic of significance to respondents at both time periods, but students tended to address this issue in their projects somewhat more frequently in the final project. Students at Time 1 were much more likely to speculate about the person of the cadaver:
"There were times during lab when I would find myself, unconsciously, rubbing our 'patient's' arm, wondering how she died and whether or not she knows what is happening to her body right now." (#99, female, year 2)
Students at Time 1 were the only ones to talk about the cadaver as their first patient. Conversely, students at Time 2 were much more likely to mention the cadaver as a means of advancing their own learning. Approximately equal percentages of students at Times 1 and 2 regarded their cadaver as a teacher, although Time 2 students were slightly more likely to do so.
Shifts in professionalism: Emotional responses to dissection
While gratitude was by far the most common emotions shared by students, negative emotions were prevalent at both Times 1 and 2, with between a fifth and a quarter of students expressing guilt, shame, fear, or anxiety.
"I must admit that the thought of taking human anatomy was a scary one. Despite taking a Human Anatomy Lab course as an undergraduate five years ago, I felt nervous ..." (#29, female, year 2)
However, a sense of sacrilege was in evidence much more frequently at Time 1:
"And when my lab partner cut into her breast, it made me angry. How dare he? The act felt violent and violating." (#22, female, year 3)
Overall concern about dissection was also judged to appear more often in initial projects. By contrast, students' joy at the revelations resulting from dissection almost doubled from Time 1 to Time 2, as did students' sense of awe at the mysteries of the human body. Students' early worries about emotional distancing were largely replaced by an attempt to achieve emotional balance:
" [I am] attempting to distance myself in a professional manner while maintaining some empathy" (#52, female, year 2)
Although the emotion of gratitude was widespread at both time points, it did increase noticeably in the final projects.
"Learning, admiring/Just feeling honored and privileged to learn/ From selfless and pale phantom teachers" (#59, female, year 3)
Overall, dissection was generally viewed as less sacrilegious and more acceptable by the end of the year. Students expressed self-pride and enthusiasm for having completed a great adventure, and imagined a satisfied cadaver:
" [I have] no regrets or reservations...
My purpose fulfilled/
The ability to teach and heal/...
Lives granted strength and happiness." (#24, male, year 2)
Evolving professionalism based on student interviews Ten of 12 completers felt completing a creative project improved their self-awareness and ability to reflect on experience.
"I think it has taught me like, um, [to] think [about]
what you feel at the moment because usually with the whole rush of med school, you're just going through the motions, and doing something like this, such as the project, gives you a chance to, um, to kind of reflect on [feelings] that you wouldn't have before." (#21, female, MS2)
The majority of students felt completing the projects also changed or reinforced their attitude toward medicine in a positive way:
"I think if the project wasn't there, I would be more inclined to think that the profession was more brutal and not very humanistic at all." (#18, female, MS1)
A smaller number felt the project gave them additional insight into the doctor-patient relationship. Students who reported this response tended to detect a continuum from care of the cadaver to patient care. These students mentioned the importance of having respect for the patient, developing emotional connection with the patient, having empathy for the patient's subjective experience, and being able to interpret both the medical and emotional meaning of a patient's symptoms.
"The project helped [me] connect the whole anatomy class to real people. These are things that you see on real people and they will be on your patients, on yourself, and so that's a tie to real life..." (#2, female, MS1)
Several students reported that doing the project improved their attitude toward anatomy in particular. One person who expressed a positive valuation noted that the project helped instill an attitude of wonder and respect for the cadavers. Another student commented that doing the project gave her a boost during dissection by making her more interested in body parts that she could incorporate into her creative project. Still others commented that they learned to think about the perspective of the cadaver. Even non-completing students seemed to appreciate the ability of the projects to stimulate self-reflection: 
Relation of stress to project completion
Most project completers (9/12) thought anatomy was either stressful or very stressful. Fewer non-completing students rated anatomy as stressful or very stressful (5/ 12). (The remaining students in both groups described anatomy as producing little or no stress). The primary sources of stress for both groups appeared to be information overload.
"I felt I was always studying for anatomy. I enjoyed the material, but it was a constant stressor b/c of the amount of work it took to excel in the course"; "There's so much material and you can't learn it all." (#e1, female, MS2)
Several completers also noted lab-related stress, describing it as gross, disgusting, and generally uncomfortable. Female students reported higher levels of stress than males, but these were non-significant except for the stress of practical exams (p = .04).
Most completers (9) felt that participating in the creative project option reduced either anatomy-related stress, or medical school stress in general. They saw the project as a relaxing break, a way to avoid burn-out, a calming, tension-releasing experience, and a means of attaining a different, and healthier, perspective on anatomy.
"I think it was more a way for me to take the class and not go crazy ... I think it [the project] kept my interest, so like I said, not getting burned-out..." (#2, female, MS1)
Completing creative projects provided an outlet for difficult emotions, offered a way to acknowledge the "feeling" aspect of medicine, to explore multiple perspectives, and through reflection, to resolve contradictory response to the anatomy experience. About half of the non-completing students spontaneously made positive comments about the value of the creative projects to reduce their own stress.
" [Seeing] the anatomy projects like helped me get through some of the things I was dealing with." (#8, male, MS2)
Test performance
Project completers performed significantly less well than noncompleters on the first written exam; and the superior performance of noncompleters approached but did not achieve significance on the first practical exam (both of these exams occurred pre-project completion). After completion of the first creative project, there were no significant differences on the subsequent individual exams; and this pattern continued to hold after the second creative project was completed. However, project non-completers performed better than completers on all exams. When all exam scores were combined and analyzed as a single score, the mean difference between non-completers and completers achieved statistical significance (Table 3) .
Relation of project completion to test performance
Most project completers did not believe that doing creative projects enhanced their knowledge acquisition:
"I don't think that I learned anything about anatomy specifically... learning this nerve goes here, here, and here, the project, I don't think it aided in that at all."(#15, male, MS2)
However, one or two students each mentioned that, as a result of the project, they felt they were more attentive, could pay better attention to details, were more curious about anatomy, were more comfortable with dissection, and had greater "ownership" of the course in the sense 
Discussion
Both according to project thematic analysis and student interviews, completion of creative projects improved attitudes of professionalism by promoting self-reflection about anatomy and doctoring, examining the studentcadaver relationship, and exploring emotional responses to dissection. These findings accord with Lachman and Pawlina's assertion of the value of integrating reflective practices into the anatomy curriculum as a method for promoting professional attitudes [29] . Students at both time points remained actively engaged in reflecting on the meaning and significance of anatomy in particular and medicine in general. Later projects were more likely to reflect on the effects of the anatomy course on students personally. Overall, Time 2 projects showed more emotional balance, but also a greater tendency to see cadavers as means to the end of students' own education; initial projects tended toward emotional over-identification with cadavers, but were also more likely to imagine them humanistically. Final projects were more likely to demonstrate greater resolution and comfort with the necessity of dissection; articulate awe and wonder at the intricacies of the human body; and express appreciation for the gift of the donor, rationalizations similar to those reported in previous work [30] . Student interviews confirmed that completion of creative projects improved attitudes toward both the anatomy course and the profession of medicine. In particular, students reported increased self-awareness and ability to engage in reflection as benefits developed by the projects. Even students who did not do the projects generally reported positive effects from viewing the work of their peers.
Students who chose to complete creative projects were more likely to report experiencing anatomy as moderately to very stressful than were noncompleters, although their perceptions about the stressful nature of medical school in general were similar. Both completers and noncompleters attributed the majority of their stress to the quantity and complexity of the information to be learned. Interestingly, although creative projects did not address information overload and in fact may have taken away from study time, project completers still found the projects to be a useful way of reducing stress. Because they may have been more anxious about their test scores, and looking for ways to bolster their grades, the additional extra credit points offered may also have served as an effective stress-reducer.
In terms of test scores, project completers performed significantly less well on the first (pre-project) written exam. This finding must be interpreted with caution because of the small numbers of students who participated in this research (27.3% of eligible students overall). It is possible that, with a better response rate, this finding might not have been sustained. However, even if it proved to be a reliable difference, we do not know why it occurred. Completing students, who also reported themselves being more stressed by anatomy, might have been more anxious about the exam, and therefore performed less well. As a group, they might also have been poorer academic performers. Completers' scores on written exams narrowed the gap with non-completers after both the first and second creative projects, but it is not possible to attribute a cause and effect relationship. Many other factors may have influenced this small improvement, including additional exposure to course material, increased studying/ academic effort, and more comfort with medical school in general. It is possible that, by reducing stress, the projects indirectly enabled completers to improve test performance somewhat.
Female students were both more likely to select the creative project option and to participate in the research study than were male students. The overrepresentation of women choosing creative projects was not significant; but their overrepresentation in the actual research (including both project completers and noncompleters) was. It is possible that while women may have a slightly greater tendency to become involved in the creative, "right-brain" side of medicine; they may have a significantly greater tendency than men to engage in an altruistic behavior such as participating in a research project where they derive no direct benefit. Considering this difference in the context of a recent finding that female medical students score consistently higher on measures of empathy than do male students [31] suggests the need to find ways of encouraging both altruism and its close relation empathy in male students, as essential qualities in clinical practice.
The findings of this exploratory project must be interpreted cautiously within the limitations of the study. This study was conducted at a single medical school. Further, because of the retrospective design, only a little over onequarter of eligible students chose to participate in the research; and our sample was skewed toward female respondents, who seemed more willing to help out the researchers. Other than gender and age (which was non-significant), we did not have access to any comparative data for responders and nonresponders. However, we believe that the most likely explanation for the low response rate was simply students' sporadic reading of their email (an often-complained-about phenomenon at our medical school), as well as students' reluctance to make additional efforts, no matter how minimal, beyond their coursework and ongoing extracurricular commitments. In support of this hypothesis, we did not receive any emails from students declining to participate in the research. A further potential limitation is that, because extra credit points were offered to students who completed projects, there may have been a bias introduced regarding the character or motivation of students who pursued this offer. However, although students acknowledged the influence of the extra points, they were able to expatiate convincingly on the more intangible benefits derived from their participation in the creative projects. Finally, since this was not a comparative study of different methods of intervention, we cannot comment on the relative merits of using creative projects versus other strategies mentioned in the introduction to promote reflection or reduce stress.
Conclusion
Despite its limitations, we believe our report offers intriguing preliminary information on several dimensions. First, this study suggests that creative projects are an effective way to encourage self-examination about the process of doctoring and the student-cadaver (patient) relationship. It also indicates that such projects may be a way of helping students who experience anxiety and stress to first explore, and then reduce, these negative emotions. It was unclear whether completion of creative projects had a significant impact on test performance per se, but this possibility deserves further investigation. Overall, integrating creative projects in anatomy courses should be considered as a simple method of enhancing and enriching this important introduction to doctoring.
